Purpose This randomized phase III study was designed to compare the efficacy and safety of irinotecan plus cisplatin (IP) over etoposide plus cisplatin (EP) in Korean patients with extensivedisease small-cell lung cancer (SCLC).
Introduction
Lung cancer is one of the leading causes of the cancerrelated deaths [1, 2] . Approximately 15% of new cases of lung cancer are diagnosed with small cell lung cancer (SCLC) [3] . Most patients with SCLC present with hematogenous metastases, and approximately two-thirds of the patients present with extensive disease. Despite the substantial initial sensitivity of SCLC to chemotherapy, a majority of patients with extensive-disease (ED) SCLC eventually die within 1 year of initial diagnosis as a result of the relapse. Thus, both new regimens and alternative doses and schedules are considered to be treatment options for patients with ED SCLC.
The platinum-based chemotherapy consisting of etoposide and cisplatin (EP) has been the standard therapy for ED-SCLC for decades [4] [5] [6] [7] . The response rates typically achieved with EP regimen ranged from 60% to 80% with median overall survival (OS) of 8 to 10 months. Preliminary studies with irinotecan hydrochloride, a topoisomerase I inhibitor, revealed the promising outcome against SCLC and the subsequent phase II study with irinotecan and cisplatin reported a complete response rate of 29% and an overall rate of 86% in patients with ED SCLC [8, 9] . Based on these initial reports, the Japanese Cooperative Oncology Group (JCOG) conducted a phase III study to compare the efficacy and toxicity of irinotecan plus cisplatin (IP) versus EP as the firstline of chemotherapy for ED-SCLC [10, 11] . Median OS and 1-year survival rate were significantly higher with IP than with EP (median survival for IP vs. EP, 12.8 vs. 9.4 months, and 1-year survival rate, 58.4% vs. 37.7%). The severe toxicity in the IP arm was grade 3/4 diarrhea whereas the severe myelosuppression was observed more frequently in the EP arm.
Despite this positive role of IP for ED SCLC, two subsequent large-scale phase III trials failed to confirm the superior outcome of IP over EP in the United States, Australia, and Canada [12] [13] [14] . The cause of inconsistent result for IP regimen between Japanese and Western populations has not been elucidated yet. One possible cause is the pharmacogenetic difference of irinotecan between Asian and Western population. Based on the rationale that Korean and Japanese population might share substantial degree of pharmacogenetic profile compared to Western population, we hypothesized that the efficacy of IP in Korean patients with ED SCLC might be superior to that of EP. To test this hypothesis, we conducted the phase III trial to evaluate the efficacy and safety of IP versus EP regimen for chemotherapy naïve patients with ED SCLC in Korea.
Materials and Methods

Study population
We conducted a randomized, multi-center, phase III trial to compare the efficacy and safety of IP and EP for chemotherapy naïve patients with ED SCLC (ClinicalTrials.gov Identifier: NCT00-349492).
Eligible criteria were as follows: histologically or cytologically confirmed SCLC; extensive-stage disease (defined as presence of either distant metastasis, contralateral hilar lymph node involvement, or cytologically proven malignant pleural effusion); chemotherapy naïve; Eastern Cooperative Oncology Group performance status (ECOG PS)  2; age  18 years; measurable lesions on computed tomography or magnetic resonance imaging as defined by Response Evaluation Criteria in Solid Tumors (RECIST) ver. 1.0; adequate function of bone marrow (absolute neutrophils count  1,500 /mm 3 , white blood cell  4,000/mm 3 , and platelet count  100,000/mm 3 , hemoglobin  9.0 g/dL), liver (bilirubin level  1.5 the upper limit of normal [ULN] , and aminotransferase and alanine aminotransferase  2.5ULN or  5ULN if liver metastases were present), and kidney (creatinine level  1.5ULN). Patients with known brain metastases were eligible if they were asymptomatic or neurologically stable without steroids after surgery or radiotherapy.
Patients were excluded if they had another malignancy except cured basal cell carcinoma or cured uterine cervical carcinomas in situ within 5 years. The patients with the following conditions were also excluded; had a history of significant cardiovascular disease, serious lung disease, metabolic disease, and serious active infection, had impaired mental status, had enrolled in other study within 30 days, and if they were pregnant and breast-feeding.
Treatment and evaluation
Patients were randomly assigned to receive either IP or EP and were stratified by ECOG PS (0, 1 vs. 2) and the treating institutes. The IP regimen consisted of irinotecan 65 mg/m 2 intravenously on days 1 and 8 and cisplatin 70 mg/m 2 intravenously on day 1 every 3 weeks. The EP regimen consisted of etoposide 100 mg/m 2 intravenously on days 1, 2, 3 and cisplatin 70 mg/m 2 intravenously on day 1 every 3 weeks. Treatment in each arm was repeated for a maximum of six cycles. Primary prophylactic use of granulocyte-colony stimulating factor (G-CSF) was not allowed before the first cycle of treatment, but secondary prophylactic use of G-CSF after neutropenia was allowed. Prophylactic cranial irradiation after completion of study treatment and crossover treatment after disease progression were allowed based upon investi-gator's discretion.
Toxicity was evaluated after each cycle according to National Cancer Institute Common Toxicity Criteria ver. 3.0 [15] . Patients were evaluated for response according to RECIST ver. 1.0 guideline [16] .
Statistical methods
The primary objective of this study was to compare the OS in patients with extensive stage small-cell lung cancer treated with EP (standard arm) with that in comparable patients treated with the IP (experimental). IP would be judged superior to the standard if the true increase in median OS was 3.0 months. We used Freedman's sample size formula for log-rank statistic assuming that the hazard ratio (HR) is constant throughout the trial [17] . A total of 333 events were required to demonstrate a significant superiority of OS with an  of 5% and a power of 80% at final analysis, using a onesided stratified log-rank test. Assuming that the expected survival rate will be 5.2% at 18 months in the standard arm, a total of 362 patients were calculated. Planned interim analysis was conducted at the time of 166 events (50% of target events) occurred. 1=0.0055 and 2=0.0482 were used by O'Brien Flemming method. OS and progression-free survival (PFS) were calculated using the Kaplan-Meier method and log-rank test was employed to compare survival rates. HR was presented together with the 90% two-sided confidence interval. OS was calculated from the day of start of treatment until death by any cause; surviving patients were censored at the last date of follow-up. PFS was calculated from the day of treatment until disease progression or death from any cause. Efficacy was analyzed on intention-to-treat population. Exploratory subgroup analysis was planned to be conducted by considering factors such as sex, age, and ECOG status.
Ethical statement
The study was approved by the Institutional Review Boards of participating institutions (Seoul National University Hospital, Seoul; Gyeongsang National University Hospital, Jinju; Yonsei Cancer Center, Yonsei 
Results
Patients and treatment
The characteristics of the patients are listed in Table 1 . Most patients (> 85%) were male. The median age for IP and EP arm was 66 years (range, 47 to 80 years) and 65 years (range, 36 to 81 years), respectively. More than 80% of patients had an ECOG PS of 0 or 1. More than 60% of patients had metastases to the bone and brain metastases were detected in about 25% of patients. Baseline characteristics were well balanced between arms.
From June 2006 to November 2011, 362 patients were enrolled in this study at 19 sites with 173 patients randomly assigned to receive IP and 189 patients randomly assigned to receive EP (S1 Fig.) . All patients who received at least one cycle of study treatment were assessable for the efficacy and toxicity analyses. Six and two patients in IP and EP arm were given no chemotherapy because they didn't meet the enrollment criteria. These patients were excluded from the toxicity analysis. For the remaining 167 patients in the IP arm, the mean dose intensities of irinotecan and cisplatin were 92.6% The number of the patients who completed the study was 97 (56%) and 98 (51%) in the IP and EP arm, respectively. The most common reason for not completing study was due to progressive disease, treatment-related complications, unacceptable toxicity, and deaths. The median number of cycles of chemotherapy administered was 6 in each arm; more than 96 % of patients on the IP and EP arm received at least one study treatment. The duration of follow-up time was 12.5 months in the IP arm and 11.4 months in the EP arm.
Survival and tumor response
There was no significant difference between two arms in OS (median OS, 10. 
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Figs. 1 and 2. The 1-year and 2-year OS rates between two arms were also similar. This result indicates that there is no significant difference in survival rate between two arms. In the pre-defined exploratory subgroup analysis (Fig. 3) , however, HRs for OS seemed to favor the IP treatment arm in male (11.3 months vs. 10.1 months, p=0.036), < 65 years old (12.7 months vs. 11.3 months, p=0.024), and ECOG performance status 0/1 (12.4 months vs. 10.9 months, p=0.040) patient groups. There was a significant prolongation of survival in the IP over EP regimen within these patient groups.
Tumor response data are shown in Table 2 . In the IP and EP arms, respectively, 24 (13.9%) and 51 (30%) experienced stable disease, and 2.3% and 9.5% experienced progressive disease. There were two complete responses (1.1%) and 106 partial responses (61.3%) in the IP arm while there were three complete responses (1.6%) and 88 partial responses (46.6%) in the EP arm. There was a significant difference in objective response rate between IP and EP arms (p=0.006); Objective response rate in the IP arm was 62.4% and 48.4% in the EP arm.
Toxicity
Grade  3 adverse events which occurred in more than 2% of subjects are summarized in Table 3 . The most common toxicity with grade  3 or more was neutropenia; 104 patients (62.3%) and 134 patients (71.7%) experienced grade  3 neutropenia in the IP and EP arm, respectively. Significantly higher rates of grade  3 anemia, nausea, and diarrhea occurred in the IP arm compared with the EP arm. There were nine and 10 treatment-related deaths in the IP and EP arm, respectively. Toxicities resulting in discontinuation of study treatment occurred in 17 subjects in the IP arm and 22 in the EP arm.
Systemic treatments after progression
Systemic treatments after progression were summarized in Table 4 . The proportion of patients who received additional treatment was similar between two arms. Among the patients who received the post-progression systemic treat- Fig. 3 . Standard forest plot of the hazard ratio for overall survival according to the pre-defined subgroups. HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group; IP, irinotecan/cisplatin; EP, etoposide/cisplatin. Values are presented as number (%) unless otherwise indicated. CR, complete response; PR, partial response.
a)
Chi-square test. Values are presented as number (%). ED, extensive-disease; SCLC, small-cell lung cancer; D, day; OS, overall survival; PFS, progression-free survival. 
Discussion
Results from our study showed no significant difference in the OS in the IP arm, as shown by the median survival time of 10.9 and 10.3 months in the IP and EP arm, respectively. Our results are summarized in Table 5 together with those from other similar studies in the literature. However, the pre-defined exploratory subgroup analysis demonstrated significant benefit of IP over EP in male, < 65 years old, and ECOG PS 0/1 patient groups, indicating that IP regimen might be favorable for these particular groups. There was some imbalance noted in the gender distribution between two treatment groups, with a greater proportion of male in the EP arm by 7% (p=0.038). However, such imbalance dose not influence the overall non-significant treatment difference after adjustment (p=0.121). The objective response rate from our study was also significantly higher in IP arm than EP arm. As in agreement with previous studies, grade 3/4 neutropenia was most frequent in both arms but not significantly different between two arms. However, severe toxicities such as grade 3/4 anemia, nausea, and diarrhea were significantly higher in the IP arm than in the EP arm.
Although there has been the controversy regarding the superiority of IP regimen for ED SCLC, our study suggests that IP regimen might not be superior to EP regimen, the current standard chemotherapy for ED SCLC patients. Several factors such as treated doses and schedules of regimens, patient characteristics, post-study treatment might be responsible for the divergent result between trials. Much attention, however, has been paid to the distinct pharmacogenetics existing between different ethnic populations [18] [19] [20] . It is well established that the single-nucleotide polymorphisms (SNPs) of genes involved in the drug disposition vary among ethnic populations. Lara et al. [12] reported that certain SNPs such as ABCB1 (C3435T)T/T and UGT1A1 (G-3156A)A/A seemed to be associated with specific toxicities including diarrhea and neutropenia, but they failed to detect any other genotypes correlated with the treatment efficacy. Intriguingly, however, Han et al. [21] found that ABCC224TT and 3972TT genotypes were associated with higher response rates and longer PFS in Korean patients with advanced non-SCLC. Thus, further ongoing research on the pharmacogenetics is eagerly awaited to further explain the inter-individual and inter-ethnic variability in efficacy and toxicity of chemotherapy. In addition to the role of pharmacogenetics, other genetic alterations might serve as important predictors for response and toxicity to irinotecan. For example, the expression profiling analysis using irinotecan-sensitive and resistant SCLC cell lines might facilitate the identification of novel genes involved in various responses to chemotherapy regimen.
It was of note that, according to our subgroup analysis, IP might be a beneficial treatment option for patient groups with a good performance status. This implies that irinotecan/cisplatin combination might be useful for treating patients with limited-disease (LD) SCLC. Indeed, IP has been tested in randomized phase II trials in patients with LD SCLC. Sohn et al. [22] reported that IP with early concurrent radiotherapy was effective and tolerable in untreated LD-SCLC. Another phase II study of IP induction followed by concurrent twice-daily thoracic radiotherapy with EP chemotherapy for LD SCLC also showed the encouraging results [23] . However, the subsequent phase III trial comparing EP versus IP in patients with LD SCLC treated with EP plus concurrent accelerated hyperfractionated thoracic radiotherapy did not show the improved outcome from IP compared with EP regimen in LD SCLC [24] . Thus, further study is needed to validate IP regimen before recommended as the standard chemotherapy for LD SCLC.
Although the confounding effects of crossover treatment could be a limiting factor to be considered in our study, this study shows that the irinotecan/cisplatin combination as the first-line chemotherapy is not superior to etoposide/cisplatin combination. Furthermore, the toxicity profile of IP was rather unfavorable to EP overall. Therefore, IP might be an alternative treatment option for patients who experience the recurrence after receiving the EP-based first line of chemotherapy.
In conclusion, the IP arm did not show the superior efficacy compared with the EP arm in patients with ED SCLC in Korean patients. Grade 3/4 toxicity was more common in IP arm than in EP arm. However, IP chemotherapy might be beneficial comparing with EP chemotherapy in male, < 65 years old, and ECOG PS 0/1 patient subgroups, indicating that IP regimen might be favorable for these particular groups.
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